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[57] ABSTRACT 
A method of forming a shallow n-type region of a semi 
conductor device such as a bipolar transistor and a 
MOS FET, including the steps of: forming a ?rst ?lm 
containing arsenic or antimony on a silicon substrate; 
forming a second ?lm containing phosphorus on the 
?rst ?lm; and diffusing the arsenic or antimony and the 
phosphorus into the semiconductor substrate out of the 
?rst and second ?lms by heat-treatment. The diffused 
impurities of the arsenic or antimony and the phospho 
rus form the n-type region and the arsenic or antimony 
de?nes the depth of the n-type region. 

3 Claims, 3 Drawing Sheets 
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SEMICONDUCTOR DEVICE WITH SHALLOW 
N-TYPE REGION WITH ARSENIC OR ANTIMONY 

AND PHOSPHORUS 

This is a continuation of co-pending application Ser. 
No. 915,522 ?led on Oct. 6, 1986 now abandoned, 
which is a continuation of U.S. appln. Ser. No. 640,577, 
?led Aug. 14, 1984, now U.S. Pat. No. 4,629,520, issued 
Dec. 16, 1986. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to a method of produc 

ing a semiconductor device, more particularly to a 
method of forming a shallow n-type region in a semi 
conductor device, such as a bipolar transistor, a metal 
oxide semiconductor ?eld-effect transistor (MOS FET), 
or a diode. The present invention can be suitably ap 
plied to form a shallow emitter region of an npn-type 
bipolar transistor. 

(2) Description of the Prior Art 
Integrated circuits (IC’s) comprising bipolar transis 

tors or MOS FET’s have recently been made denser 
miniaturization of individual elements of the IC’s. The 
?nal aim of all this, of course, is to further increase the 
speed of operation and improve the frequency charac 
teristics of the IC and the individual transistors. 

In the case of a bipolar transistor, narrowing of the 
width of the base region between an emitter region and 
a collector region is most effective for improving the 
speed of operation and frequency characteristics. 
Therefore, it is important to form a shallow junction. 
Various methods for forming a shallow junction have 
been proposed. One effective method of formation 
which has recently been used frequently includes form 
ing a polycrystalline silicon ?lm on an exposed p-type 
base region of a silicon substrate and on a silicon oxide 
?lm selectively formed on the base region. Then, ar 
senic ions are doped and phosphorus ions into the poly 
crystalline silicon ?lm by an ion-implantation method. 
Finally, the arsenic ions and phosphorus ions are ther 
mally diffused into the base region out of the polycrys 
talline silicon ?lm by heat-treatment to form a shallow 
n-type emitter region. 

In this case, the formation of the polycrystalline sili 
con ?lm prevents the silicon substrate from being dam 
aged by the ion-implantation. The use of both arsenic 
and phosphorus as the n-type impurity results in less 
crystal lattice strain since the larger atomic radius of 
arsenic compared with that of silicon is compensated by 
the smaller atomic radius of phosphorus compared with 
that of silicon. More speci?cally, when impurities are 
diffused into a single crystalline substrate, the diffused 
impurities cause crystal lattice strain. Diffusion of either 
arsenic or phosphorus alone increases the crystal lattice 
strain and, under certain circumstances, generates ab 
normal diffusion resulting in an emitter-collector short 
circuit. 
The diffusion depth of the n-type impurity determines 

the dimensions of the n-type emitter region and, in turn, 
the width of the base region. Since the diffusion coef? 
cient of phosphorus is larger than that of arsenic, it is 
the diffusion depth of phosphorus that essentially deter 
mines the emitter region. However, it is more dif?cult 
to control the diffusion depth of phosphorus than ar 
senic or, in the case of the p-type impurity for the base 
region, boron. Therefore, this method of formation is 
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2 
dif?cult in that it is necessary to exactly adjust the emit 
ter depth. It is possible to try doping phosphorus ions 
shallowly int the polycrystalline silicon ?lm by decreas 
ing the implantation energy of the phosphorus ions, but 
such shallow implantation is dif?cult because of the 
implantation apparatus. 

SUMMARY OF THE INVENTION 

An object of the present invention is to form a shal 
low n-type region with a depth de?ned by the diffusion 
depth of arsenic and with low crystal lattice strain. 
Another object of the present invention is to form a 

shallow n-type emitter region with a depth controlled 
by the diffusion of arsenic to attain a suitable width for 
a base region. 
These and other objects of the present invention are 

attained by a method of forming a shallow n-type region 
of a semiconductor device including the steps of: form 
ing a ?rst ?lm containing arsenic or antimony on a 
silicon substrate; forming a second ?lm containing phos 
phorus on the ?rst ?lm; and thermally diffusing the 
arsenic or antimony and the phosphorus into the semi 
conductor substrate out of the ?rst and second ?lms by 
heat-treatment. 

Since the ?rst ?lm containing arsenic lies between the 
substrate and the second ?lm containing phosphorus, 
arsenic diffuses directly into the substrate and phospho 
rus diffuses into the substrate through the ?rst ?lm. The 
diffusion depth of phosphorus in the substrate corre 
sponds to the entire diffusion length of phosphorus 
minus the thickness of the ?rst ?lm. Therefore, it is 
possible to prevent the diffusion depth of phosphorus 
from exceeding that of arsenic. As a result, the n-type 
region can be defined by the depth of the arsenic, which 
can be controlled more accurately than that of phos 
phorus 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be clearer from the de 
scription of the preferred embodiments set forth below 
with reference to the accompanying drawings, in 
which: 
FIGS. 1 and 2 are sectional views of a bipolar transis 

tor in various stages of production in accordance with a 
prior art technique; 
FIG. 3 is a graph showing the doping pro?le and 

diffusion pro?le of phosphorus and arsenic in the case of 
the prior art; 
FIGS. 4 through 7 are sectional views of a bipolar 

transistor in various stages of production according to 
the method of forming an n-type region of the present 
invention; _ 

FIG. 8 is a sectional view of a bipolar transistor hav 
ing an N-type emitter region formed in accordance with 
the method of the present invention: and 
FIG. 9 is a graph showing the doping pro?le and 

diffusion pro?le of phosphorus and arsenic in the case of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing the preferred embodiments of the 
present invention, a prior art technique for the forma 
tion of a shallow n-type region of a bipolar transistor is 
discussed. 
As illustrated in FIG. 1, a silicon substrate 1 com 

prises a p-type silicon single-crystalline substrate (i.e., 
wafer, not shown) and a silicon epitaxial layer formed 
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thereon, the epitaxial layer comprising an n-type collec 
tor region 2 and a p-type base region 3. An oxide ?lm 4 
made of, e.g., silicon dioxide and having a window is 
formed on the epitaxial layer (in this case, on the base 
region 3) by a conventional method. The window ex 
poses a portion of the base region 3. A polycrystalline 
silicon ?lm 5 having a thickness of, e.g., from 0.2 to 0.3 
pm is formed on the oxide ?lm 4 and the exposed por 
tion of the base region 3 by a conventional method, e.g., 
a chemical vapor deposition (CVD) method. A resist 
?lm 6 having an opening 7 is formed on the polycrystal 
line silicon ?lm 5. The arsenic and phosphorus ions are 
doped into the polycrystalline silicon ?lm 5 through the 
opening 7 by an ion-implantation method. The resist 
?lm 6 serves as a mask for stopping the implantation of 
ions. 

The resist film 6 is removed, then the obtained silicon 
substrate 1 is heated at an elevated temperature of ap 
proximately l000° C. to diffuse the arsenic and phos 
phorus into the p-type base region 3 out of the polycrys 
talline silicon ?lm 5. Thus, the diffused arsenic and 
phosphorus form a shallow n-type emitter region 8 
within the base region 3 of the substrate 1, as illustrated 
in FIG. 2. 
FIG. 3 illustrates the distribution of impurity concen 

tration, i.e., the doping pro?les and diffusion pro?les of 
the arsenic and phosphorus wherein the ordinate repre 
sents the impurity concentration and the abscissa repre 
sents the depth from the polycrystalline silicon ?lm 
surface to the base region. The dotted lines indicate the 
distribution of impurity concentration (i.e., the doping 
pro?les) of arsenic and phosphorus in the polycrystal 
line silicon ?lm after the ion-implantation, while the 
solid lines indicate the distribution of impurity concen 
tration (i.e., the diffusion pro?les) of arsenic and phos 
phorus after the diffusion heat-treatment. It is apparent 
from FIG. 3 that the diffusion depth of phosphorus is 
deeper than that of arsenic, so that the depth of the 
n-type emitter region 8 depends on the diffusion of 
phosphorus. However, the exact control of the emitter 
depth is dif?cult, as mentioned above. Use of arsenic 
alone for exact control of the emitter depth results in a 
large amount of crystal lattice strain. 
An explanation will now be given, referring to FIGS. 

4 through 7, of a method of forming a shallow n-type 
region of a semiconductor device in accordance with a 
preferred embodiment of the present invention. As illus 
trated in FIG. 4, a silicon substrate 11 comprises a p 
type silicon single crystalline substrate (not shown) and 
a silicon epitaxial layer formed thereon, the epitaxial 
layer comprising an n-type collector region 12 and a 
p-type base region 13. The impurity of the base region 
13 is, e.g., boron and the depth of the base region 13 is, 
e.g., 0.4 pm. An oxide ?lm 14 of, e.g., silicon dioxide, 
having a thickness of, e.g., 0.5 pm and having a win 
dow, is formed on the base region 3 by a conventional 
method (e. g., by selectively oxidizing the silicon epitax 
ial layer). The window exposes a portion of the base 
region 13. A ?rst polycrystalline silicon ?lm 15 having 
a thickness of from 0.05 to 0.15 pm (e.g., 0.1 pm) is 
formed on the oxide ?lm 14 and the exposed portion by 
a conventional method (e.g., a CVD method). A ?rst 
resist ?lm 16 having an opening 17 above the window is 
formed on the ?rst polycrystalline silicon ?lm 15. The 
arsenic ions are doped into the ?rst polycrystalline sili 
con ?lm 15 through the opening 17 by an ion-implanta 
tion method at an energy of from 40 to 100 keV (e.g., 50 
keV) to a dosage of from 2 to 8X 1015 ions/cm2 (e.g , 
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4 
5X1015 ions/cmz). It is possible to use antimony ions 
instead of the arsenic ions, since antimony has a diffu 
sion coef?cient and atomic radius similar to those of 
arsenic as compared with the relationship between 
phosphorus and the silicon substrate. The ?rst resist ?lm 
16 serves as a mask for stopping the implantation of 
10118. 

Next, after removal of the resist ?lm 16, a second 
polycrystalline silicon ?lm 18 having a thickness of 
from 0.1 to 0.25 pm (e.g., 0.2 pm) s formed on the ?rst 
polycrystalline silicon ?lm 15 by a CVD method, as 
illustrated in FIG. 5. A second resist ?lm 19 having an 
opening 20 above the window is formed on the second 
polycrystalline silicon film 19. The phosphorus ions are 
doped into the second polycrystalline silicon ?lm 19 
through the opening 20 by an ion-implantation method 
at an energy of from 30 to 40 keV (e.g., 30 keV) to a 
dosage of from 1 to 4X1015 ions/cm2 (e.g., 2><l0l5 
ions/cmz). The second resist ?lm 19 is removed. 
The obtained silicon substrate 11 is heated at an ele 

vated temperature of from 950° C. to l050° C. (e.g., 
1000° C.) for a period of from 10 to 50 minutes (e.g., 15 
minutes) under an inert atmosphere to diffuse the ar 
senic and phosphorus into the p-type base region 13. 
The arsenic directly diffuses into the base region 13 out 
of the ?rst polycrystalline silicon ?lm. Simultaneously, 
the phosphorus diffuses into the base region 13 through 
the ?rst polycrystalline silicon ?lm from the second 
polycrystalline silicon ?lm. This results in the formation 
of a shallow n-type emitter region 21, as illustrated in 
FIG. 6. The depth of the emitter region 21 is, e.g., 0.3 
pm, so that the width of the base region 13 under the 
emitter region becomes approximately 0.1 pm. 
FIG. 9 illustrates the distribution of impurity concen 

tration of the arsenic and the phosphorus, wherein the 
ordinate represents the impurity concentration and the 
abscissa represents the depth from the surface of the 
second polycrystalline ?lm to the base region. The 
dotted line “As” indicates the doping pro?le of arsenic 
in the ?rst polycrystalline silicon ?lm, and the dotted 
line “P” indicates the doping pro?le of phosphorus in 
the second polycrystalline silicon ?lm after the ion 
implantation. The solid lines “As” and “P” indicate the 
diffusion pro?les of arsenic and phosphorus, respec 
tively, after the diffusion heat-treatment. It is apparent 
from FIG. 9 that the diffusion depth of phosphorus is 
controlled to not to exceed that of the arsenic, so that 
the depth of the n-type emitter region 21 is de?ned by 
the arsenic. Therefore, the method of the present inven 
tion allows easy and exact formation of a shallow junc 
tion and thus a narrow width of the base region by 
utilizing arsenic or antimony for de?ning the emitter 
depth. Furthermore, since both arsenic and phosphorus 
are present in the epitaxial layer of the silicon substrate, 
there is compensation for the crystal lattice strain 
caused by the impurity diffusion. Accordingly, the per 
formance and quality, e.g., the operating speed and the 
processing stability of the resultant bipolar transistor are 
improved. ' 

Next, as illustrated in FIG. 7, in order to produce an 
electrode 22 contacting the formed emitter region 21 in 
accordance with a conventional process, a metal (e.g., 
aluminum or aluminum alloy) ?lm 23 is deposited on the 
second polycrystalline silicon ?lm 18. The metal ?lm 23 
is selectively etched by using a patterned resist ?lm (not 
shown) as a mask. The second and ?rst polycrystalline 
silicon ?lms 18 and 15 are also selectively etched to 
form the electrode 22. 
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An example of a bipolar transistor having the n-type 
emitter region 21 formed in accordance with the 
method of the present invention is illustrated in FIG. 8. 
In this case, the p-type base region 12*) is joined to a base 
contact region 25, on which a base electrode 26 is 
formed. Under the n-type collector region 12, an n-type 
buried layer 27 is formed and is joined to a collector 
contact region 28 on which a collector electrode 29 is 
formed. There is a p-type silicon single crystalline sub 
strate 30 on which the epitaxial layer comprising the 
collector region 12 and the base region 13 is formed. 
Furthermore, an isolating region 31 is formed so as to 
surround the active region (i.e., the collector, base, and 
emitter regions) of the bipolar transistor and is formed 
of, e.g., an insulating material. 

It will be obvious that the present invention is not 
limited to the above-mentioned embodiment and that 
many variations are possible for persons skilled in the 
art without departing from the scope of the invention. 
For example, it is possible to use an amorphous silicon 
?lm or a silicide ?lm of platinum or timgsten instead of 
the polycrystalline silicon film. In the above embodi 
ment, the selective etching of the ?rst and second poly 
crystalline silicon ?lms is carried out after the thermal 
diffusion for the n-type emitter region. The polycrystal 
line silicon ?lms may be selectively removed to leave a 
portion thereof within the window of the oxide ?lm, 
prior to the thermal diffusion. Moreover, if a doped 
polycrystalline silicon ?lm is used, the ion-implantation 
treatment can be omitted. Namely, it is possible to use a 
doped polycrystalline silicon ?lm containing arsenic or 
antimony, the arsenic or antimony being added therein 
during the formation thereof by a CVD method, as the 
?rst polycrystalline silicon ?lm, and to use a doped 
polycrystalline silicon ?lm containing phosphorus, the 
phosphorus added during the formation thereof by a 
CVD method, as the second polycrystalline silicon ?lm. 
Furthermore, the method of formation of a shallow 
n-type region according to the present invention can be 
applied to the formation of a source region or a drain 
region of a MOS FET. Shallow source and drain re 
gions would contribute toward the miniaturization of 
the MOS FET and higher speed of the operation of the 
MOS FET. 
We claim: 
1. A semiconductor device, comprising: 
a single crystalline substrate; 
a p-type semiconductor epitaxial layer of single crys 

talline silicon formed on said single crystalline 
layer; - 

an n-type region, formed in said p-type semiconduc 
tor epitaxial layer, comprising an upper subregion 
with phosphorous and at least one of arsenic and 
antiomony diffused therein and a lower subregion, 
below the upper subregion, with the at least one of 
arsenic and antimony and substantially no phos 
phorous diffused therein; 
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6 
an insulation ?lm, formed on said p-type semiconduc 

tor epitaxial layer, having a window at said n-type 
region; 

a ?rst polycrystalline silicon- ?lm, formed on said 
n-type region and at the window in said insulation 
?lm, including silicon, phosphorous and the at least 
one of arsenic and antimony; 

a second polycrystalline silicon ?lm, formed on said 
?rst polycrystalline ?lm, including silicon and 
phosphorous, said ?rst and second .?lms having 
identical predetermined patterns; and 

a metal layer formed on said second polycrystalline 
silicon ?lm, whereby said ?rst and second poly 
crystalline silicon ?lms and said metal layer form a 
contact structure for said n-type region. 

2. A semiconductor device as recited in claim 1, 
wherein said n-type region is a shallow n-type emitter 
region of a bipolar transistor. ‘ 

3. A semiconductor device including a bipolar tran 
sistor, comprising: 

a single crystalline substrate; 
a n-type collector semiconductor epitaxial layer of 

single crystalline silicon formed on said single crys 
talline substrate; 

a p-type base region formed in a ?rst portion of said 
n-type collector semiconductor epitaxial layer; 

a n-type emitter region, formed in said p-type base 
region in said n-type collector semiconductor epi 
taxial layer, comprising an upper subregion with 
phosphorous and at least one of arsenic and anti 
mony diffused therein and a lower subregion, 
below the upper subregion, with at least one of 
arsenic and antimony and substantially no phos 
phorous diffused therein; 

an insulation ?lm, formed on said n-type collector 
semiconductor epitaxial layer, the p-type base re 
gion and the n-type emitter region, having ?rst, 
second and third windows at said n-type emitter 
region, at a portion of the p-type base region, and at 
a second portion of the n-type collector semicon 
ductor epitaxial layer, respectively; 
?rst polycrystalline silicon ?lm, formed on said 
n-type emitter region and at the ?rst window in 
said insulation ?lm, including silicon, phosphorous 
and at least one of arsenic and antimony; 

a second polycrystalline silicon ?lm, formed on said 
?rst polycrystalline ?lm and including silicon and 
phosphorous, said ?rst and second ?lms having 
substantially identical, predetermined patterns; 

a metal layer formed on said second polycrystalline 
silicon ?lm, whereby said ?rst and second poly 
crystalline silicon ?lms and said metal layer form a 
contact structure for said n-type emitter region; 

a base electrode formed on said p-type base region at 
the second window in said insulation ?lm; and 

a collector electrode formed on said n-type collector 
semiconductor layer at the third window in said 
insulation ?lm. 

* ll * * Ik 


